This makes it the most variable in metaphase karyotype in the genus Drosophila.
INTRODUCTION
Drosophila kikkawai is a subcosmopolitan species occurring from Madagascar across the Asian-Pacific regions to South America. It has been found within the limits of 35° of latitude north and south of the equator. This species is most abundant in the oriental region where it occurs in sympatry with some populations of its sibling species, D, leontia and D, bocki, which are apparently restricted to Asia . It has been demonstrated that D. kikkawai exhibits metaphase karyotype variation with respect to the amount and distribution of constitutive heterochromatin in the 4th and Y chromosomes, while the two siblings show similar and uniform mitotic metaphase (Baimai 1969a; .
Recently, more extensive collections of the D, kikkawai complex covering a wide range of its distribution permitted analysis of mitotic metaphase chromosome in greater detail. This paper reports additional data on constitu- 
MATERIALS AND METHODS
Samples of the D. kikkawai complex were collected from natural populations at 31 different localities (Table 1) . Individual wild caught females already inseminated in nature were allowed to produce Fl larvae for mitotic chromosome studies. In some cases samples of larvae were from the progeny of isof emale lines which have been maintained for several generations in our laboratories at 25° ± 1°C.
Mitotic chromosome preparations were made from neuroblasts of 4th stage larvae treated with 10 mg/ml of Colcemid solution (Gibco) (Baimai 1977) . Photomicrographs were taken with Kodak Technical Film under oil immersion (X 670) with a green filter.
RESULTS AND DISCUSSION
A total of 183 isof emale lines of D, kikkawai and D. leontia from different populations were examined cytologically ( Table 1 ). The general metaphase karyotype (2n = 8) of this cluster of closely related species consists of two pairs of metacentric (V-shaped) autosomes, one pair of 4th chromosomes (microchromosomes) and one pair of sex chromosomes. The microchromosome and Y chromosome of D. kikkawai show extensive variation in heterochromatin while the X chromosome is remarkably uniform throughout the species range. In our previous reports, 5 types of Y chromosome and 2 types of microchromosome have been observed in the limited sample size of D, kikkawai collected in Southeast Asia, Australia, Pacific Islands and South America . In the present study we have discovered a total of 6 new types of microchromosome and Y chromosome in samples collected from different populations in Southeast Asia (Table 1) . Thus there are 4 new types of 4th chromosome (Figs, 1-2): medium (Msm) and large (Lsm) submetacentric configurations were discovered in Mae Hong Son and Nakhon Nayok, and medium (Mt) and large (Lt) telocentric shapes in Thailand, Malaysia, Singapore and Philippines. However, the large telocentric (Lt) type of 4th chromosome could correspond to type B of Kikkawa (1936) and Ward (1949) because it has been frequently found in this region. As previously reported, the dot microchromosome (D) has been detected only in Sabah while the small telocentric (St) and small submetacentric (Ssm) 4th chromosomes are apparently confined to Papua New Guinea. Moreover, medium (Mm) and large (Lm) metacentric 4th chromosomes are quite common in Asia. The chromosome sizes of small, medium and large are designated by S, M and L, respectively. some length. The Y3 has been found in Los Banos, Sarawak and Mae Hong Son. Nevertheless, YZ is predominant throughout the species range. The previously known metacentric Y4 is not uncommon (Table 1) . Apparently the configuration of Y4 is similar to that of D, leontia and D, bocki (see .
A total of 9 types of 4th chromosome have been observed including 4 new types presented in this report (Figs, . This striking variation in heterochromatin in microchromosome makes D, kikkawai the most variable metaphase karyotype in the genus Drosophila (cf. Clayton and Wheeler 1975) . Thus, karyotype variation in D. kikkawai is unique when compared with its sibling species, D. leontia, which exhibits monomorphic mitotic chromosomes. These various sizes and shapes of 4th chromosome of D. kikkawai range from data on metaphase karyotype variation 213 a small dot-like shape to telocentric, submetacentric and metacentric configurations (Fig. 2) . As a general rule, it seems likely that the dot microchromosome is a common ancestor. The derivative types of 4th chromosome could simply have occurred by the acquisition of extra heterochromatin to the immediately preceeding form. It is not difficult to visualize the increase in amount of heterochromatin of the dot form in stepwise fashion, transforming it to telocentric forms of different sizes and/or submetacentric or metacentric configurations.
The latter figures of 4th chromosome could have arisen from the existing telocentric shape via accumulation of considerable amounts of heterochromatin on one or both sides of the centromere. Also the Y chromosome is polymorphic with respect to constitutive heterochromatin (Fig. 3) . The large telocentric Y2 is widespread while the short telocentric Yl has been found only in Nakhon Nayok, central Thailand. The Y3 and Y4 types occasionally occur in the Oriental and Pacific regions. A change in the Y chromosome configuration is largely due to the addition of extra heterochromatin.
It is generally believed that gain of heterochromatin is a common phenomenon in eukaryotes (John and Miklos 1979) . Therefore it seems obvious that the 4th and the Y chromosomes of D. kikkawai are particularly prone to accumulation of different amounts and distribution of heterochromatin, producing variable mitotic chromosome figures. Thus, data from the present study together with previous results indicate that these types of 4th and Y chromosomes have different patterns of geographic distribution, although all types often occur in the oriental region. The medium metacentric (Mm) 4th chromosome and the Y2 are widespread in the Indian subcontinent across the Indian Ocean to Madagascar, whereas the large metacentric (Lm) 4th chromosome and the Y4 are more abundant in the Pacific Islands toward the Hawaiian Archipelago and South America (Fig. 5) . Thus the populations in the oriental region of D. kikkawai are highly polymorphic for the 4th and the Y chromosomes while those populations in the eastern and western bounds of the Asian subcontinent tend to be monomorphic for the respective types of these chromosomes. According to Carson's hypothesis (1958) , it seems likely that D, kikkawai of the oriental region, especially in Southeast Asia, represents the central population while those occurring in the eastern and western parts of Southeast Asia represent clines toward the peripheral populations of the species range. Thus our findings appear to accord with the results of other Drosophila workers (Baimai 1969b; Kitagawa et al. 1982; Wakahama et al. 1983; Ranganath and Hagele 1982) . This pattern of cytological variability seems to reflect the heterogeneity of environment in Southeast Asia with its rich flora and fauna, particularly of the dipteran insects. Recent work on genetics of natural populations of anopheline mosquitoes seems to support this view (Kanda et al. 1981; Baimai et al. 1984; Green et al. 1985) . Quite clearly, the oriental faunas are ideally suited for study of karyotype evolution and the process of species divergence as demonstrated by Drosophila and Anopheles.
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